Evaluation of Subacute Toxicity Induced by Methoxychlor: The protective Effect of Ascorbic acid by Elsharkawy, Eman E. & Sharkawy, Ahmed A.
Introduction
Methoxychlor (MXC) a chlorinated hydrocarbon
insecticide, is closely related to DDT. Methoxy-
chlor is less toxic than DDT because of its shorter
half-life in mammals and easier biodegradability
(Bal, 1984). This advantage led it to its wide use to
control a broad range of insects that attack fruits,
vegetables, shade trees, home gardens, forage
crops, and livestock in many countries (Reuber,
1980). However, recent investigations indicate that
MXC may have an endocrine disrupting potential
that mimics estrogenic activity and disturbs the en-
docrine system (Soto et al., 1995, Shelby et al.,
1996, Bolger et al., 1998, Pickford and Morris,
1999, Laws et al., 2000). Moreover, Chapin et al.
(1997) reported that MXC affected the immune
system as well as the reproductive system in young
rats when exposed during the in utero and postnatal
period. A few toxicological studies have addressed
the possible relationship between reproductive tox-
icity and exposure to chemicals that generate reac-
tive oxygen species (ROS) (Perreault, 1997). It has
been reported that methoxychlor undergoes hepatic
microsomal monooxygenase mediated activation
and the resultant reactive metabolites, possibly free
radicals, bind covalently to microsomal compo-
nents (Bulger et al, 1983). Antioxidants/ free radi-
cal scavengers and sulfhydryl containing
compounds inhibit covalent binding of methoxy-
chlor in human liver microsomes, suggesting that
the reactive intermediates are free radicals (Bulger
et al., 1989). It has also been reported that human
cytochrome P-450 enzymes responsible for conver-
sion of methoxychlor into its major metabolites, the
mono-o-demethylated derivatives, including
CYP1A2 play the predominant role in this reaction
(Stresser and Kupfer, 1998). The ability of the cy-
tochrome P-450 system to induce the production of
reactive oxygen species in hepatic and other tissues
has been reported (Bondy and Naderi, 1994). It has
been shown that methoxychlor induce oxidative
stress in the epididymal sperm of goat (Gangadha-
ran et al., 2001). ROS are formed in both physio-
logic and pathologic conditions in mammalian
tissues; due to their high reactivity, ROS may in-
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Abstract
The present study was designed to detect the effects of sublethal concentration of Methoxychlor (MXC) on hematological
constituents, thrombocytic indices, liver and kidney damage biomarker and erythrocytic oxidative status.  As well as the pos-
sible protective effect of ascorbic acid (vit-C) were tested in rats at subacute period under laboratory conditions. MXC was
administered orally at a dose of 200mg/kg, twice weekly, to male rats, for one month. Co – administration of ascorbic acid
at a dose of 1g\L  drinking water was achieved.  MXC caused a significant reduction in hematological constituents and throm-
bocytic indices.  MXC induced a significant increase in the serum alkaline phosphatase (ALP), gamma glutamyle transferase
(γ-GT), uric acid and creatinine, whereas decrease in total protein and albumin levels.  With regards, to the results of oxidative
status revealed that decrease in superoxide dismutase (SOD) and glutathione peroxidase (GSHPx) activities while increase
in lipid peroxidation (LPO) components malondialdehyde (MDA). MXC plus vit-C treated group was significantly differed
in most previous parameters than the MXC -treated group. These data, along with the determined changes suggest that MXC
produce substantial systemic organ toxicity in rats during the period of a 30-days subacute exposure. The co- treatment with
vit- C could ameliorate these toxic changes.  
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teract with biomolecules inducing oxidative stress
(Ochsendoerf, 1999). This oxidative stress is re-
lated to the antioxidant defense system, and an
overall balance between pro-oxidants and antioxi-
dants is required to maintain cellular homeostasis.
Environmental contaminants have been reported to
disturb the prooxidant and antioxidant balance of
cells (Jamieson, 1989) and to result in generation
of oxygen free radicals and ROS (Harris et al.,
1996).
Some studies have shown that vitamin C is used
in pesticide toxicity in the experimental studies
(Altuntas et al., 2002, Yavuz et al., 2004). Many
insecticides are hydrophobic molecules, which
bind extensively to biological membranes, espe-
cially to the phospholipids bilayers (Lee et al.,
1991). Vitamin C is hydrophilic and a most impor-
tant free radical scavenger in extracellular fluids,
trapping radicals in the aqueous phase, and protect-
ing biomembranes from peroxidative damage
(Yavuz et al., 2004). The majority of reported
MXC toxicity studies in literature have focused on
reproductive effects of MXC ((Bolger et al., 1998;
Pickford and Morris, 1999; Laws et al., 2000) and
there are limited data on other possible toxic effects
induced by MXC exposure. For this reason, the aim
of this study was to determine the effect of suba-
cute MXC exposure on the hematological system,
hepatic and renal integrity and oxidative status of
rats, and also to assess whether these effects can be
ameliorated by co-treatment with vitamins C.
Materials and methods
Chemicals
Methoxychlor (1,1,1-trichloro-2,2-bis [methoxy-
phenyl] ethane, Approx 95% and L- ascorbic acid
(vitamin C) were purchased from Sigma
(St.Louis,Mo.,USA). MXC was dissolved in corn
oil (1:100). All other chemicals were of the highest
grade available commercially. 
Animal and treatment
Sprague–Dawley rats, weighing 180–250 g, ob-
tained from the Animal Laboratory House of Assiut
University, Assiut, Egypt were used for the study.
The animals were housed in plastic cages and al-
lowed to adjust to the new environment for a week
before starting the experiment. Rats were fed stan-
dard food pellets and tap water ad libitum. The rats
were housed at 24-25 oC and in daily dark/light
cycle. The design of the study was in accordance
with the ethical guidelines prescribed by the Insti-
tution. Animals were randomly divided into four
groups of seven animals each Group A: exposed to
MXC at a dose of 200 mg\kg b.w, twice \ week,
orally by stomach tube for one month. Group B: as
pervious, plus were  administered an ascorbic acid
at a dose of 1g\L drinking water ad libitum, for
month. Group C: were administered an ascorbic
acid at a dose of 1g\L drinking water ad libitum,
for month.  Control group: were administered corn
oil only and kept as control.
Hematological parameters
Hematological parameters [Red Blood Corpuscles
(RBC), Hemoglobin (HB), Hematocrite (HCT),
Red Blood cell distribution width (RDW), Mean
Cell Volume (MCV), Mean Corpuscular Hemoglo-
bin (MCH), Mean Corpuscular Hemoglobin Con-
centration (MCHC), White Blood Corpuscles
(WBC) and Differential Leucocytic levels].
Thrombocytic indices [Total Platelet Count (PLT),
Mean Platelet Volume (MPV), Total Platelet Crit
(PCT) and Platelet Distribution Width  (PDW) ]
were analyzed by automated parameter hematology
analyzer (MICROS 60-Abx Diagnostics, Montpel-
lier, France).
Biochemical analysis
Serum was used to determine total protein and al-
bumin by colorimetric method according to
Doumas (1971). Gamma glutamate transferase (γ-
GT) was measured according to Tietz (1994). Al-
kaline phosphatase ((ALP) was measured
according to Rec (1972). Serum was used to deter-
mined creatinine level according to Sies et al.
(1985), uric acid according to Tietz (1990).
Determination of lipid peroxidation
Measurement of malondialdehyde (MDA) and 4-
hydroxyalkenals (HAE) have been used as an in-
dicator of lipid peroxidation. MDA and 4HNE
were estimated by the method of Buege and Aust
(1978). Briefly 200 ml aliquot of erythrocytes
lysates (10% w/v in Tris–HCl buffer, 20 mM, pH
7.4) was transferred to 650 ll of 10.3 mM 1-methyl-
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2-phenylindole in acetonitrile and vortex mixed. To
assay MDA + 4HNE, 150 ml of 15.4 M methane-
sulfonic acid was added, vortexed and incubated at
45 0C for 40 min. To assay MDA alone, 150 ml of
37% HCl was added instead of methanesulfonic
acid, vortexed, incubated at 45 oC for 60 min. After
incubation, samples were kept on ice, centrifuged
at 9500g for 5 min and absorbance was measured
at 586 nm. The levels of MDA and 4HNE are ex-
pressed as nmol of reactive substance
formed/min/mg protein.
Determination of superoxide dismutase (SOD) ac-
tivity in erythrocyte lysates
Changes in erythrocyte Cu/Zn superoxide dismu-
tase (Cu/Zn-SOD) activity were analysed using the
Bioxytech SOD-525 spectrophotometric assay kit.
Briefly, whole blood samples from control and
treated rats were collected in sterile EDTA Vacu-
tainer tubes and centrifuged at 4 oC  and 3000g. The
plasma was removed from the erythrocyte pellet
and erythrocyte lysates were prepared according to
the protocol described in the kit. Spectrophotomet-
ric assay of SOD activity was based on the en-
zyme's ability to inhibit superoxide-driven NADH
oxidation. The rate of reaction was measured by
recording to the change in the absorbance at 550
nm. The activity was expressed as units per gram
protein in erythrocyte (Nebt, 1991).
Determination of glutathione peroxidase (GSHPx)
activity in erythrocyte lysates
The activities and concentrations of (GSHPx) were
determined spectrophotometrically using a com-
mercially available kit. This procedure based on the
method described by Chu et al. (1993). The activ-
ities of GSHPx were measured as the production
of NADP+ by the activation of glutathione reduc-
tase (GR) on oxidized glutathione (GSSG) in the
presence of NADPH. The absorbance determined
at 340 nm and the activity was given as units per
gram protein in erythrocyte.
Determination of protein
Protein concentrations were measured by the
method of Bradford (1976), using bovine serum al-
bumin as a standard. Protein concentration used in
the concentration of SOD, GSHPx and MDA &
HAE can be expressed as activity per mg of protein
by dividing the units /ml of protein concentration. 
Statistical analysis
Data are expressed as means ± SD. Statistical
analysis was performed to compare treated groups
with respective control groups using one-way
analysis of variance (ANOVA), followed by the
Duncan’s multiple range test when appropriate.
Values of P < 0.05 were considered statistically sig-
nificant.  
Results
Hematological parameters
A significant (P <0.05) decrease in RBC (106
/mm3), Hg (g/dl), HCT (%), RDW (%), MCV(um),
MCH (pg) and MCHC (g/dl)  was obtained in ex-
posed groups MXC-treated group A and MXC plus
vitC –treated group B in comparison with control
rats (Table. 1). Total and differential leucocytic
count (x10 ³ /mm3) showed a significant (P <0.05)
decrease than control in both group A and B (Table.
2).  MXC-treated group (A) and the MXC plus vitC
–treated group (B) were significantly decreased in
terms of PLT (x10 ³ /mm3), MPV (um), PCT (%)
and PDW (um) values than the control (Table. 3).
However, the MXC plus vitC –treated group was
significantly differed in most previous parameters
than the MXC -treated group (Table 1, 2 and 3). No
significance difference present between vitC –
treated group and control in all investigated param-
eters.  
Biochemical parameters
A significant (P <0.05) reduction in total protein
and albumin concentration (g\dl) was obtained in
the serum of rates in group A and B than the con-
trol. A significant (P <0.05) elevation in ALP and
γ- GT concentration (U/I) was recorded in the
serum of rates in    A and B groups than the control.
As well as, there was a significant (P <0.05)   in-
crease of creatinine and uric acids levels (mg\dl) in
the serum of tested rats was recorded in both
groups A and B than control. Treatment with vit C
resulted in a significant (P <0.05) decrease in ALP,
γ- GT, creatinine and uric acids levels whereas in-
crease in total protein and albumin concentration
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between group A and B (Table. 4).
Lipid peroxidation
The influence of subacute toxicity of MXC and Vit
C administration on lipid peroxidation MDA and
4HAE levels is shown in Table 5. Treatment with
MXC resulted in a significant increase (p < 0.05)
in plasma lipid peroxidation as measured by the
amount of MDA formed. However, treatment with
vitC to MXC-treated animals led to a significant
decrease of lipid peroxidation (p < 0.05) between
group B and group A rats.
Erythrocytes SOD and GSHPx
Table. 5 shows the influence of MXC exposure and
treatment with vitC on the activities of the enzymes
SOD  and GSHPx. Subacute exposure to MXC re-
sulted in a state of  injury and extensive oxidative
damage in rats erythrocytes as manifested by the
significant declines (p < 0.05) in SOD and GSHPx
enzyme levels compared to control rats. In contrast,
treatment with vitC resulted in a small but signifi-
cant (p < 0.0 5) amelioration of   in the activities of
enzymes SOD and GSHPx. 
Eman E. Elsharkawy, Sharkawy A.A. / Journal of Advanced Veterinary Research 1 (2011) 119-126
122
Table 1.  Effect of subacute exposure to MXC on the different hematological indices of rat 
Data are expressed as mean ± S.D. of seven animals per group.*denotes P < 0.05 as compared to control group, a denotes P
< 0.05 as compared to   group A.  b denotes P < 0.05 05 as compared to   group B. c denotes P < 0.05 05 as compared to
group C. (One- way ANOVA/Duncan).
Table 2. Effect of subacute exposure to MXC on total and differential leucocytic count (x103/mm3) of
rat
Data are expressed as mean ± S.D. of seven animals per group.*denotes P < 0.05 as compared to control group, a denotes P
< 0.05 as compared to   group A.  b denotes P < 0.05 05 as compared to   group B. c denotes P < 0.05 05 as compared to
group C.  (One- way ANOVA/Duncan).
Table 3.   Effect of subacute exposure to MXC on thrombocytic indices of rat 
Data are expressed as mean ± S.D. of seven animals per group.*denotes P < 0.05 as compared to control group, a denotes P
< 0.05 as compared to   group A.  b denotes P < 0.05 05 as compared to   group B. c denotes P < 0.05 05 as compared to
group C (One- way ANOVA/Duncan).
Discussion
Methoxychlor is considered of most important en-
vironmental estrogen. Methoxychlor is one of the
endocrine disrupting chemicals (EDs) which are
considered to act via receptors, including estrogen
receptor (ER), and to modify the expression of es-
trogen-responsive genes (Golub et al., 2003).
MXC, via its estrogenic metabolite HPTE, can
have an ER- β antagonist effect (Gaido et al., 1999;
Gaido et al., 2000, Waters et al., 2001). The atten-
tion to the effects of endocrine disruption has fo-
cused on reproductive system. However, long-term
effects in a variety of systems relevant to future
health could be altered when exogenous estrogens
impinge on sensitive developmental periods. Some
potential health impacts of estrogen disruption in
adolescence include susceptibility to autoimmu-
nity, heart disease, anemia, and osteoporosis
(Golub et al., 2004). Moreover, it was reported that
the toxicological effects like neurotoxicity, hepato-
toxicity, reproductive, and metabolic disruption by
EDs in different models continue to raise serious
global concerns and are a subject of intensive in-
vestigations to decipher the molecular details of
their malicious action (Tabb and Blumberg, 2006,
Guillette, 2006).   However, literatures on MXC in-
duce hematological, hepatotoxicity and nephero-
toxicity are limited, but the few available studies
indicate that MXC affected the immune system as
well as has toxicological effects like neurotoxicity,
hepatotoxicity, and metabolic disruption (Chapin
et al., 1997).
The present study revealed that MXC in suba-
cute exposure was associated with significant de-
creases in RBCs count, Hg, HCT, RDW, MCV,
MCH and MCHC values. A similar trend has been
documented for EDs which have estrogenic activ-
ity like MXC; they induced depression of hemat-
ocrit value with a corresponding lowering of the
RBC numbers and hemoglobin values during the
treatment period (Golub et al., 2004). The obtained
results suggested a slight anemic trend in MXC-
treated rat, as indicated by decrease in hemoglobin
concentration, hematocrit and red blood cells. The
obtained anemia was microcytic as indicated by a
decrease in MCV and it was normochromic as in-
dicated by decrease in MCH. The decrease in the
red blood cells may indicate a disruption of ery-
thropoiesis or an increase in destruction of red
blood cells. The administration of estrogens has
been known to reduce erythropoiesis (Jilka et al.,
1995, Suwalsky et al., 1998 ). The destruction of
red blood cells is attributed to lipophilicity of most
pesticides especially; organochlorine, makes lipid-
rich membranes important targets of their interac-
tion with living organisms. It has been suggested
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Table 4. Effect of subacute exposure to MXC on biochemical parameters of rat
Data are expressed as means ± S.D. of five animals per group.*denotes P < 0.05 as compared to control group, a denotes P
< 0.05 as compared to   group A.  b denotes P < 0.05 05 as compared to   group B. c denotes P < 0.05  as compared to  group
C. (One- way ANOVA/Duncan).
Table 5. Effect of  subacute exposure to MXC on the oxidative status of rat 
Data are expressed as means ± S.D. of seven animals per group.*denotes P < 0.05 as compared to control group, a denotes
P < 0.05 as compared to   group A.  b denotes P < 0.05 05 as compared to   group B. c denotes P < 0.05 05 as compared to
group C (One- way ANOVA/Duncan).
that some effects directly related to their toxicity
could be due to changes in membrane fluidity as a
primary pesticide effect (Lopes et al., 1997). In
vitro, human erythrocytes have a perturbing effect
of the morphology through interaction of chlordane
organochlorine insecticide with phospholipid
classes located in the inner and outer monolayers
of the erythrocyte cell membrane (Suwalsky et al.,
2005). A significant depression in total WBC, lym-
phocytes and granulocytes counts was recorded
after 4 weeks of exposure.  Similar results were
found in monkeys exposed to MXC for long time
and they suggested the depression in total WBC re-
sulted in the decrease in lymphocytes proliferation
(Golub et al., 2004). MXC can induce depression
of lymphoid proliferation via apoptosis in lym-
phoid organs. MXC is one of immunotoxic chem-
icals that have the potential to cause thymic atrophy
through affect immature thymocytes and result in
apoptosis (Koner et al.,1988, Takeuchi et al.,
2002).  
There is no previous literature discussed the ef-
fect of MXC on the thrombocytic index. The ob-
tained results in this study revealed MXC-treated
group was significantly decreased in terms of PLT,
MPV, PCT and PDW values than the control. These
results indicate MXC induce thrombocytopenia in
exposed rats. The thrombocytopenia may develop
due to antibody production against viral antigens
attached to platelet surfaces or to nonspecific bind-
ing of antigen-antibody complexes to platelet sur-
faces. Drug and xenobiotic -induced thrombo-
cytopenia has been reported in dogs, cats, and
horses. One mechanism is marrow suppression of
megakaryocytes or generalized marrow stem cell
suppression after administration of estrogen, estro-
gen like compounds (Gibbins and Mahaut-Smith,
2004). Another mechanism is increased platelet de-
struction and consumption resulting in impair of
platelet function.  Numerous xenobitics reported to
block platelet receptor binding or to change platelet
membrane charge or permeability (Page et al.,
2002). Quantitative platelet disorders have been re-
ported in liver disease with or without coagulation
protein deficiencies. In uremia associated with any
form of renal disease, platelet adhesion and aggre-
gation are decreased (Tkaczyk and Baj, 2002).
In this study the Liver damage was evaluated by
the measurement of serum levels of the enzymes
ALP and γ- GT. A significant increase in ALP and
γ -GT levels was observed in the serum of MXC-
treated rats than those of the control group. The val-
ues of serum proteins and albumin were signifi-
cantly reduced in the same group. Following
treatment with vit- C a significant improvement in
the levels of ALP, γ- GT, total protein and albumin
was seen. It was known MXC-induced hepatotox-
icity where, liver is target site of its metabolism
(Morgan and Hickenbottom, 1979).  MXC under-
goes hepatic microsomal monooxygenase (s)-me-
diated activation and the resultant reactive
metabolites (possibly free radicals) bind covalently
to microsomal components. It has been reported
previously that during liver damage there is an ob-
served decrease in antioxidant defenses in the liver
(Suzuki et al., 1997). There were increase in both
uric acid and creatinine serum levels in MXC –
treated group in comparison with control. These re-
sults indicated that an impairment of bio-excretory
function of the kidney, after subacute exposure to
MXC for 4 weeks. In previous reports, documented
that hepatotoxicity and nephrotoxicity induced
after chronic exposure to MXC in different animals
where, MXC in chronic intoxication of dogs at
dosages of 2000 mg/ kg/ day in the diet led to high
ALP and serum transaminase in 6 weeks. Swine
showed kidney injury and uterine and mammary
enlargement. Rabbits given 200 mg/ kg/ day orally
died after four or five doses; autopsy findings in-
cluded mild liver damage and nephrosis (Chen,
2002).  
The by-products of oxygen metabolism initiate
different subcellular outcomes.  In the present study
the effect of MXC on the oxidative status was stud-
ied by determination of SOD, GSHPx and MDA in
erythrocytes. MXC has been shown to directly in-
hibit the activities of superoxide radical and glu-
tathione peroxidase while increase of the activity
of MDA lipid peroxidation. The results are in
agreement with previous studies (Suzuki et al.,
1997) where alterations in glutathione, total thiols,
lipid peroxidation and changes in the activity of
SOD and catalase in erythrocytes have been noted
following exposure to pesticides. The mechanism
of MXC-mediated oxidative stress is not clear but
it has been shown to be mediated by the activation
of microsomal monooxygenase, which is involved
in the conversion of MXC into its reactive metabo-
lites (Bulger et al., 1983). During this reaction, re-
active metabolites, possibly free radicals, bind
covalently to microsomal components (Bulger et
al., 1989). Antioxidants/free radical scavengers and
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sulfhydryl-containing compounds inhibit covalent
binding of MXC in human liver microsomes, sug-
gesting that the reactive intermediate is a free rad-
ical (Bulger et al., 1983). It has been shown that
human cytochrome- P450 enzymes are responsible
of the conversion of MXC into its major metabo-
lites and CYP1A2 has been shown to play a pre-
dominant role in this reaction (Stresser and Kupfer,
1998). The ability of the cytochrome- P450 system
to induce the production of ROS has been well doc-
umented (Bondy and Naderi, 1994). Superoxide
dismutase is considered the first line of defense
against deleterious effects of oxy-radicals in the
cell by catalyzing the dismutation of superoxide
radicals to hydrogen peroxide and molecular oxy-
gen. The antioxidant enzyme peroxidase protects
superoxide dismutase against inactivation by hy-
drogen peroxide. Reciprocally, the superoxide dis-
mutase protects peroxidase against inhibition by
superoxide anion (Latchoumycandane et al., 2002).
Thus, balance of this enzyme system may be es-
sential to eliminate superoxide anion and peroxides
generated in erythrocytes. The reduction in the ac-
tivities of antioxidant enzymes and the increase in
lipid peroxidation could reflect an adverse effect of
MXC on the antioxidant system in the erythrocytes.
ROS cause damage to cells and other cytoplasmic
organelle membrane structures through peroxida-
tion of phospholipids, proteins, and nucleotides,
thereby altering cell function.
Our results indicate that the MXC plus vit C –
treated group was significantly differed in most
previous parameters than the MXC -treated group.
These findings reflected co-treatment of MXC-ex-
posed rats with vitamins C ameliorated the toxic
effects of MXC on rat. Antioxidant vitamins have
a number of biological activities, including im-
mune stimulation and alteration of the metabolic
activities of carcinogens. These vitamins can also
prevent genetic changes by inhibiting the DNA
damage induced by reactive oxygen metabolites
(Verma et al., 2007). Several experimental studies
have shown that vitamins C and E could ameliorate
pesticide toxicity (Altuntas et al., 2002, Yavuz et
al., 2004, Uzunhisarcikli et al., 2007). Vitamin C
(ascorbic acid) is a well-known low molecular
weight antioxidant that protects the cellular com-
partment from water-soluble oxygen nitrogen rad-
icals (Jurczuk et al., 2007). It efficiently inhibits in
vitro lipid peroxidation due to a combination of di-
rect radical interception and interaction with α-to-
copherol as a co-antioxidant (Verma et al., 2007).
In conclusion, MXC caused subacute hematotoxi-
city, hepatotoxicity and nephrotoxicity. Vitamin C
decreases MXC toxicity, but we cannot say Vita-
min C protects completely.  
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